OBJECTIVE -To determine whether perceived poor physical health, duration of diabetes, and smoking are associated with major depressive disorder in a national sample of individuals with diabetes.
D
iabetes is a chronic, progressive disease that causes significant morbidity and mortality (1) . Recent studies have documented twofold odds of depression in individuals with diabetes compared to individuals without diabetes (2, 3) . Depression in individuals with diabetes has been associated with poor adherence to dietary recommendation (4), hyperglycemia (5), poor metabolic control (6) , complications of diabetes (7), decreased quality of life (8) , and increased health care use and expenditure (3) . In addition, depression has been associated with decreased adherence to weight loss intervention (9) and increased risk for retinopathy (10) in individuals with diabetes.
Three hypotheses have been proposed to explain the possible relationship between diabetes and depression (11) . First, depression may be a response to the psychosocial stress caused by diabetes. Second, depression may be related to the biochemical changes related to diabetes and its treatment. Third, because both conditions are prevalent, they may coexist coincidentally. Two studies conducted in the U.S. (12) and Finland (13) support the hypothesis that depression may be related to the psychosocial burden of diabetes. However, two other studies have documented that depression increases the risk of development of diabetes (14, 15) . More recently, a review article (16) indicated that although the relationship between diabetes and depression may be bidirectional, the hypothesis that depression resulted from the psychosocial burden of diabetes remained plausible.
The role of psychosocial factors in the etiology of depression has been extensively studied in individuals with diabetes. A long list of factors have been identified to date, female sex (3), younger age (3, 17) , being unmarried (3, 8, 18) , lower socioeconomic status (10, (17) (18) (19) , perceived poor physical health (3, 20, 21) , lack of social support (22) , and perceived lack of control and illness intrusiveness (23, 24) . Other important factors include duration of diabetes (24) , having multiple complications (7, (25) (26) (27) , poor glycemic control (5, 8) , smoking (28) , and type of treatment for diabetes (nonuse of insulin) (17) .
These earlier studies have methodological limitations that may affect the ability to generalize their findings to the U.S. population of adults with diabetes. For instance, several studies used nonrepresentative samples from few clinical sites (17) (18) (19) (20) 22, 25, 26, 28) , others used minority populations (6, 10) and other subpopulations (8, 12) , and a few others used managed care populations (4, 29) . In addition, some studies included only a few participants (23, 27) , whereas several studies did not differentiate depressive symptomatology obtained from screening questionnaires from clinical diagnoses obtained from diagnostic interview schedules (2) . Most importantly, several of these earlier studies did not adequately control for confounding. For example, results from the earlier cited studies have shown an association between depression and up to 15 factors. This means that without simultaneously controlling for these factors, the independent effects of some of these factors cannot be ascertained.
Recently, we used a nationally representative sample to determine the adjusted prevalence of depression, patient factors associated with depression, and the association between depression and health care use and expenditure in individuals with diabetes (3). Although we used a representative sample, that study had two important limitations: one limitation was inadequate control for confounding and the other limitation was that the definition of depression was based on self-report. The main purpose of this study is to clarify the relationship between psychosocial factors and depression using a nationally representative sample of individuals with diabetes while controlling for multiple confounding factors.
We used the 1999 National Health Interview Survey (NHIS) to provide answers to the following important questions:
1. Are perceived poor physical health, duration of diabetes, and smoking associated with major depressive disorder among a national sample of individuals with diabetes? 2. Controlling for known confounders, are these factors independently associated with major depressive disorder among individuals with diabetes?
Based on the results of prior studies (3, 24, 28) , we hypothesized that although perceived poor physical health, duration of diabetes, and smoking may be associated with depression in individuals with diabetes, these factors would not be independently associated with depression after adjusting for known confounders. (33) . The CIDI-SF is a valid and reliable diagnostic interview and has classification accuracy of 93% for major depressive disorder (34) .
RESEARCH DESIGN AND METHODS

Study setting and sample
Scoring the CIDI-SF
A complete copy of the CIDI-SF questions and scoring instructions is available from the World Health Organization website (www.who.int/msa/cidi/index.htm). The CIDI-SF uses a stem-branch logic in which a small number of initial diagnostic stem questions are used in each section to skip-out people who are least likely to be considered case subjects before they are asked further symptom questions (35) . There are two ways to meet the diagnostic stem requirement for major depressive disorder: either by endorsing all questions about having 2 weeks of dysphoric mood or by endorsing all questions about having 2 weeks of anhedonia. In addition, the symptoms of dysphoric mood and anhedonia should last at least most of the day almost every day. Respondents who deny either the existence of symptoms or the persistence of symptoms are defined as not having major depressive disorder. If the respondent endorses dysphoric mood, seven additional questions are asked about losing interest, feeling tired, change in weight, difficulty sleeping, trouble concentrating, feeling down, and thoughts about death, and then a summary major depressive disorder score is calculated based on positive responses to these additional seven questions (range 0 -7). Similarly, respondents who endorse anhedonia are asked additional symptom questions, including questions about losing interest, feeling tired, change in weight, difficulty sleeping, trouble concentrating, feeling down, and thoughts about death. A summary major depressive disorder score is also calculated based on positive responses (range 0 -7). Based on the recommendations for scoring (35), we classified an individual as having major depressive disorder if they endorsed the stem questions and had positive responses to three or more of the symptom questions. We excluded individuals who endorsed the stem questions but had fewer than three positive responses to the symptoms questions.
Demographic and socioeconomic characteristics
Three racial/ethnic groups were defined: non-Hispanic white, non-Hispanic black, and Hispanic or other. Four age categories were created: 18 -34, 35-49, 50 -64, and Ն65 years. Education was classified as Ͻhigh school graduate or Նhigh school graduate. Income was defined according to the federal poverty ratio guidelines: poor (Ͻ124% of federal poverty level), low income (125-199%), middle income (200 -399%), and high income (Ն400%). Two dichotomous groups were created for marital status (married versus unmarried) and employment (employed versus unemployed).
Clinical characteristics
Current health status was defined as better, worse, or the same, based on the respondent's perception of the change in their health status compared to 1 year prior. BMI was defined as Ͻ18.5, 18.5-24.9, 25.0 -29.9, and Ն30 kg/m 2 . Duration of diabetes was defined as Ͻ5, 5-9, and Ն10 years since diagnosis. Type of treatment was defined as nonmedication (diet or exercise alone) or medication (inEgede and Zheng sulin and/or oral agent). Diabetes complication was defined as the presence of any of the following self-reported conditions: cardiovascular disease, stroke or cerebrovascular accident, end-stage renal disease, macular degeneration, and retinopathy or blindness. Smokers were defined as individuals who reported that they were currently smoking.
Health care utilization
Respondents were asked, "During the past 12 months, have you seen or talked to any of the following health care providers about your own health: a mental health professional such as a psychiatrist, psychologist, psychiatric nurse, or a clinical social worker?" A visit to a mental health professional was defined as a "yes" response. Similarly, respondents were asked, "During the past 12 months, have you seen or talked to any of the following health care providers about your own health: a general doctor who treats a variety of illnesses (a doctor in general practice, family practice, or internal medicine)?" A "yes" response indicated a visit to a primary care provider. Finally, respondents were asked, "During the past 12 months, how many times have you gone to a hospital emergency room about your own health?" A "yes" response was defined as at least one emergency room visit within the past 12 months.
Statistical analyses SAS (SAS Institute, Cary, NC) callable SUDAAN software (36) was used for statistical analyses to generate variance estimates and perform hypothesis testing to account for the complex survey design of the NHIS. Among individuals with major depressive disorder, the 2 test was used to identify significant differences in characteristics between individuals with diabetes and those without diabetes. Then, among individuals with diabetes, the 2 test was used to compare differences in characteristics between individuals with major depressive disorder and those without depression. In addition, among adults with diabetes, the prevalence of major de- 
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pressive disorder was determined across individual characteristics. Finally, multiple logistic regression was used to determine whether perceived poor physical health, duration of diabetes, and smoking were independently associated with depression in individuals with diabetes. Major depression (yes or no) was entered as the dependent variable, whereas perceived poor physical health, duration of diabetes, and smoking were entered as independent variables.
Other independent variables included age, sex, race/ethnicity, education, income, employment, marital status, BMI, duration of diabetes, presence or absence of major complications, and type of treatment for diabetes.
The approach recommended by Homer and Lemeshow (37) was used to select variables for inclusion in the multivariate model. Variables with a P value Ͻ0.25 in bivariate tests, along with those known to be clinically important, were included in the model. Following the fit of the model, we sequentially eliminated variables with nonsignificant Wald statistics and fitted a new model. Then, the restricted model was compared with the full model with the likelihood ratio test. A comparison of the full model and the restricted models showed that all the variables in the full model contributed to the model; therefore, the full model was retained and used for subsequent analyses. Univariate and bivariate analyses In Table 1 , the characteristics of individuals with major depressive disorder by diabetes status are compared. Among individuals with major depressive disorder, those with diabetes were more likely to be of Hispanic ethnicity, to be aged Ͼ50 years, to have less than high school education, and to have household income Ͻ124% of the federal poverty level and were less likely to be employed. Individuals with diabetes were more likely to report worsening of their health status and to have BMI Ն25.0 kg/m 2 , major complications, primary care physician visits, and emergency room visits, but they were less likely to smoke than individuals without diabetes.
In Table 2 , the characteristics of individuals with diabetes by depression status are compared. Among individuals with diabetes, those with major depressive disorder were younger, poorer, and more likely to be women, to be unmarried, to report worsening health status, and to have duration of diabetes of Ͻ5 years. In addition, they were more likely to have major complications, to be smokers, and to have an emergency room visit and a psychiatrist/mental health professional visit than individuals without major depressive disorder. Table 3 shows the prevalence of major depressive disorder by individual characteristics in adults with diabetes. The prevalence of major depressive disorder was higher in younger adults, women, those with income Ͻ124% of federal poverty level, unmarried individuals, and those who reported worsening of their health status. In addition, smokers, those with duration of diabetes Ͻ5 years, and those with major complications had a higher prevalence of major depressive disorder. Table 4 shows the factors that were independently associated with major depressive disorder in individuals with diabetes. Age Ͻ65 years, female sex, Ն high school education, income Ͻ124% of federal poverty level, worsening health status, and smoking were independently associated with major depressive disorder in adults with diabetes.
Multivariate analyses
CONCLUSIONS -This study has two major strengths: first, the subjects comprised a nationally representative sample of noninstitutionalized adults; second, a valid and reliable diagnostic interview for major depressive disorder was used to determine the prevalence of major depressive disorder and factors independently associated with major depressive disorder in adults with diabetes. Controlling for known confounders, younger age, perceived worsening of health status, poverty, smoking, and having Նhigh school education were independently associated with major depressive disorder in individuals with diabetes. This approach addresses the major limitation of prior studies and introduces new hypotheses about the association between diabetes and depression that can be addressed in prospective studies. The findings of this study are comparable to the results of two large studies on the prevalence of depression in the U.S. (38, 39) . In both studies, younger age, female sex, and lower income were significantly associated with depression. In addition, perceived poor physical health was associated with depression in a large primary care sample (38) and smoking was causally linked to incident major depressive disorder in another study (40) .
In addition, the findings of this study support and strengthen the results of several earlier studies on the relationship between diabetes and depression. The relationship between younger age and depression in individuals with diabetes has been reported previously (3, 17) . Similarly, perceived poor physical health (3, 20, 21) , female sex (3), lower income (10, 18, 19) , and smoking (28) have been previously associated with depression in individuals with diabetes. However, our findings contradict the results of other prior studies. Our study did not find a relationship between depression and the presence of multiple diabetes complications (7, (25) (26) (27) , unemployment (10, 19) , marital status (3, 8, 18) , type of treatment for diabetes (17) , lower levels of education (17, 18) , or duration of diabetes (24) . Although the prevalence of depression seemed related to lesser duration of diabetes in unadjusted analyses, this relationship did not persist in multivariate analyses. It is very likely that the discrepancies across studies were due to differences in the definition of depression, differences in sample selection, and dif- ferences in the number of variables that were controlled for in the different studies.
Finally, this study provides additional data on health services utilization in depressed individuals with diabetes. In a recent study (3), we showed that compared with nondepressed individuals with diabetes, depressed individuals with diabetes had increased health care use and expenditure. Akin to our earlier finding, this study found that depressed individuals with diabetes were more likely to have primary care and emergency room visits compared with their depressed counterparts without diabetes. In addition, depressed individuals with diabetes were more likely to report visits to a psychiatrist or mental health professional. It is noteworthy that the proportion of patients who visited a psychiatrist was not significantly different. This suggests that the pattern of visits to psychiatrists or mental health professionals did not differ by diabetes status.
Of additional importance is the fact that Ͻ30% of depressed individuals, regardless of diabetes status, reported visiting a psychiatrist. It may be that primary care providers treated most patients with depression or that the stigma of seeing a mental health professional played a role in decreasing visits to a psychiatrist. Further studies are needed to clarify this issue.
There are limitations to interpreting the results of this study. First, because this analysis is based on cross-sectional data, causality cannot be determined. Prospective studies are needed to establish the causal link between depression and diabetes. However, the findings of this study may be useful to generate hypotheses for future prospective trials. Second, this study did not differentiate type 1 from type 2 diabetes because of sample size limitations. Although it has been suggested that the prevalence of depression may differ by type of diabetes due to differences in the etiology of diabetes (41), the literature suggests otherwise (2, 18) . Future studies enrolling adequate samples of individuals with type 1 and type 2 diabetes are required to address this question.
A third limitation is the absence of data on glycemic control. Although there are data suggesting that depression worsens glycemic control, the converse hypothesis that poor glycemic control may lead to depression is uncertain. In a study that assessed glycemic control using three levels of glycosylated hemoglobin (Ͻ9.5, 9.5-12.0, and Ͼ12.0%), depression was not found to be independently associated with HbA 1c levels (18) . Finally, because this study did not have data on social support (22) , perceived control of diabetes management (23) , or perceived illness intrusiveness (24) , the association between these factors and depression could not be ascertained.
Despite these limitations, the results of this study have two major implications. First, our findings support and strengthen the hypothesis that depression may be a response to the psychosocial burden of living with diabetes. After controlling for potential confounders, psychosocial factors such as perceived health status, income, and education remained independently associated with depression in individuals with diabetes. Additional support for this hypothesis was the finding that perceived worsening of health status was independently associated with depression, whereas longer duration of disease, having major complications, or using insulin or medications were not associated with depression. These findings suggest that, in addition to other psychosocial factors, perceptions about the effect of diabetes on overall health rather than disease chronicity, illness severity, or type of treatment is likely to play an important role in the etiology of depression in individuals with diabetes.
The notion that psychosocial factors rather than disease duration or severity plays important roles in the etiology of depression in individuals with diabetes is supported by prior work. In separate studies, perceived control of diabetes (23) , intrusiveness of diabetes (24) , perceived daily burden of living with diabetes (20) , and perceived threat of diabetes (42) were found to be significantly associated with depression in individuals with diabetes. Therefore, future studies examining the causal relationship between diabetes and depression need to pay attention to the important role that psychosocial factors are likely to play.
The second major implication is the deleterious effect of smoking on the psychological well-being of individuals with diabetes. We found that smoking was independently associated with major depressive disorder in individuals with diabetes. Prior studies have shown that smoking increases the risk of major depressive disorder (28) and that smokers with major depressive disorder are less successful at their attempts to quit (40) . In addition to the deleterious effects of smoking on the mental health of individuals with diabetes, smoking is also hazardous to physical health. There is evidence that smoking is an independent risk factor for cardiovascular disease (43) and is strongly associated with higher 24-h blood pressures (44) , poor glycemic control (45) , increased prevalence of microvascular complications (45) , diabetic nephropathy (46) , and excess morbidity (47) . Therefore, there is a need to discourage smoking initiation in individuals with diabetes and encourage smoking cessation in current smokers. More importantly, effective smoking cessation programs need to be aggressively implemented for individuals with diabetes who are current smokers.
In conclusion, this study has identified independent factors that are associated with major depressive disorder in individuals with diabetes. In addition, perceptions about the effect of diabetes on overall health in addition to other psychosocial factors seem to play an important role in the etiology of depression in individuals with diabetes.
